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Abstract The magnetic properties of a nonequilibrium spin-1/2 cylindrical Ising nanowire 
system with core/shell in an oscillating magnetic field are studied by using a mean-field 
approach based on the Glauber-type stochastic dynamics (DMFT). We employ the Glauber-
type stochastic dynamics to construct set of the coupled mean-field dynamic equations. First, 
we study the temperature dependence of the dynamic order parameters to characterize the 
nature of the phase transitions and to obtain the dynamic phase transition points. Then, we 
investigate the temperature dependence of the total magnetization to find the dynamic 
compensation points as well as to determine the type of behavior. The phase diagrams in 
which contain the paramagnetic, ferromagnetic, antiferromagnetic, nonmagnetic, surface 
fundamental phases and tree mixed phases as well as reentrant behavior are presented in the 
reduced magnetic field amplitude and reduced temperature plane. According to values of 
Hamiltonian parameters, the compensation temperatures, or the N-, Q-, P-, R-, S-type 
behaviors in the Néel classification nomenclature exist in the system. 
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1. Introduction 
In recent four years, the phenomenon of magnetic nanostructures with a fascinating variety of 
morphologies (nanoparticle, nanotube and nanowire) has been one of the intensively studied 
subjects in statistical mechanics and condensed matter physics, because of their potential 
device applications in technologically important materials (see [1-6] and references therein). 
These systems can find application in fields such as ensure super high data storage densities, 
sensors, biomedicine and catalysis, among others [7].  
On the other hand, many researchers have used the spin-1/2 Ising system to study 
equilibrium properties of magnetic nanostructured materials (see [8-14] and references 
therein). An early attempt to examine nanoparticles was done by Kaneyoshi [8]. In this study, 
the phase diagrams of a ferroelectric nanoparticle described with the transverse Ising model 
were investigated by using the mean-field theory (MFT) and the effective-field theory (EFT). 
MFT and EFT were used to study the magnetizations [9] and phase diagrams [10] of a 
transverse Ising nanowire and found that the equilibrium behavior of the system is strongly 
affected by the surface situations. Total susceptibility, susceptibility, compensation 
temperature and phase diagrams of a cylindrical spin-1/2 Ising nanotube (or nanowire) were 
examined by utilizing the EFT in detail [11]. The cylindrical nanowire system with a diluted 
surface described by the transverse spin-1/2 Ising model was investigated by using the EFT 
[12]. Akıncı [13] examined the effects of the randomly distributed magnetic field on the phase 
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diagrams of a spin-1/2 Ising nanowire with the EFT. Zaim et al. [14] studied the hysteresis 
behaviors of the nanotube in which consisting of a ferroelectric core of spin-1/2 surrounded. 
Furthermore, although a great amount the spin-1/2 Ising systems have used to investigate the 
equilibrium properties of magnetic nanostructured materials, there have been only a few 
works that the spin-1/2 Ising systems used to investigate dynamic magnetic properties of 
nanostructured materials [15-20]. In series of these works, effective-field theory based on the 
Glauber-type stochastic (DEFT) was used as method.  
We also mention that dynamic compensation temperatures (DCTs) and the dynamic 
phase transition (DPT) temperatures have been attracted much attention (see [21-28] and 
references therein) in recent years. The existence of compensation temperatures is of great 
technological importance, since at this point only a small driving field is required to change 
the sign of the total magnetization. This property is very useful in thermomagnetic recording, 
electronic, and computer technologies. On the other hand, experimental realizations for the 
DPT have been discussed in ultrathin ferromagnetic films, superconductors, ferroicsystems, 
ultrathin polyethylene naphthalate nanocomposites, Al–Ni systems, etc. (see [29–32] and 
references therein). 
As far as we know, the dynamic compensation behaviors of the nano systems 
(nanoparticle, nanotube and nanowire) have been studied only two works [16, 19]. In two 
works, the compensation types of the system were found by using DEFT. The dynamic phase 
diagrams of the system were not investigated. Moreover, the dynamic behaviors of the nano 
system have not been examined by using a mean-field approach based on the Glauber-type 
stochastic dynamics (DMFT). Therefore, in present paper, we used to DMFT for study the 
magnetic properties of a nonequilibrium spin-1/2 cylindrical Ising nanowire system with 
core/shell in an oscillating magnetic field. The aim of the present paper is three-fold: (i) to 
obtain the DCTs temperatures and DPT of the Ising nanowire system. (ii) To investigate the 
type of the compensation behavior of the system. (iii) Finally, to present the dynamic phase 
diagrams of the system in the plane of temperature versus magnetic field amplitude.  
The outline of the rest of the paper is follows. In Sec. 2, the model is presented briefly 
and the derivation of the mean-field dynamic equations of motion is given by using the 
Glauber-type stochastic dynamics in the presence of an oscillating magnetic field. In Sec. 3, 
the numeric results and discussions are presented. Finally, we give the summary and 
conclusion in the last section. 
 
2. Model and Formulations 
 
The considered model is a spin-1/2 Ising nanowire on a cylindrical lattice under the 
oscillating magnetic field. The schematic representation of a cylindrical Ising nanowire is 
depicted in Fig. 1, in which the wire consists of the surface shell and the core. Each site on the 
figure is occupied by a spin-1/2 Ising particle and each spin is connected to the two nearest-
neighbor spins on the above and below sections along the cylinder. The Hamiltonian of the 
system is given by 
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where the SJ  and CJ  are the exchange interaction parameters between two nearest-neighbor 
magnetic particles at the surface shell and core, respectively, and J1 is the interaction 
parameters between two nearest-neighbor magnetic particles at the surface shell and the core 
shell. The surface exchange and interfacial coupling interactions are often defined as 
 S1S CJ =J  and 1 Cr=J /J  in the nanosystems [9, 10, 33, 34], respectively. H is the 
oscillating magnetic field: 0H(t) = H cos(wt),  with H0 and w = 2πν being the amplitude and 
the angular frequency of the oscillating field, respectively. The system is in contact with an 
isothermal heat bath at an absolute temperature TA.  
Now, we apply the Glauber-type stochastic dynamics to obtain the set of the mean-
field dynamic equations. Since the derivation of the mean-field dynamic equations was 
described in detail for spin-1/2 system [35] and different spin systems [21-24], in here, we 
shall only give a brief summary. If the S,αandλ spins momentarily fixed, the master equation 
for - spins can be written as 
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where  i iW  is the probability per unit time that ith  spin changes from i  to  -i. Since the 
system is in contact with a heat bath at absolute temperature TA, each spin  can flip with the 
probability per unit time by the Boltzmann factor; 
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where =1/kBTA, kB  is the Boltzmann constant, the sum ranges the two possible values ±1/2 
for i  and 
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gives the change in the energy of the system when the i -spin changes. The probabilities 
satisfy the detailed balance condition. Using Eqs. (2), (3), (4) with the mean-field approach, 
we obtain the mean-field dynamic equation for the -spins as 
 
  C1 C1 σσ C C1 σS C C2 0
d 1
Ω m =-m + tanh β z J m +z J m +H cos ξ ,
dξ 2
 
   (5) 
 
where C1m   , C2m S , w t  and  = w = w/f, w is the frequency of the oscillating 
magnetic field and f represents the frequency of spin flipping. Moreover, σσz  and σSz  
corresponds to the number of nearest-neighbor pairs of spins and S, respectively, in 
which σσz 2  and σSz 6 . 
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As similar to -spins, we obtain the mean-field dynamical equations for the S,αandλ -spins 
by using the similar calculations. The mean-field dynamic equations for S,αandλ -spins are 
obtained as  
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where S1m   , S2m λ , Sσ Sα αSz z z 1   , SSz 4 , sλ αα αλ λλ λ λSz z z z z z 2      . 
Hence, a set of mean-field dynamical equations of the system are obtained. We fixed CJ 1  
that the core shell interaction is ferromagnetic and 2  .  
 
We should also mention that the dynamic compensation temperature, which dynamic total 
magnetization ( tM ) vanishes at the compensation temperature TComp. The compensation point 
can then be determined by looking for the crossing point between the absolute values of the 
surface and the core magnetizations. Therefore, at the compensation point, we must have 
 
   Surface Comp Core CompM T = M T ,       (9) 
and 
   
   Surface Comp Core Compsgn M T =-sgn M T .           
  (10) 
 
We also require that TComp < TC, where TC is the critical point temperature. In the next section 
we will give the numerical results of these dynamic equations.  
 
3. Numerical Results and Discussions 
In this section, we solved first the Eqs. (5)-(8) to find the phases in the system. These 
equations were solved by using the numerical method of the Adams-Moulton predictor 
corrector method and we found that a paramagnetic (P), ferromagnetic (F), antiferromagnetic 
(AF), nonmagnetic (NM), surface phase (SF) fundamental phases and four mixed phases, 
namely the F + P in which F, P phases coexist, the F + AF in which F, AF phases coexist, the 
AF + P in which AF, P phases coexist, and the NM+P in which NM, P phases coexist, exist in 
the system. Since we gave the solution of these kinds of dynamic equations in Ref. 22-24, 27 
in detail, we will not discuss the solutions and present any figures here. 
Then, we investigate the behavior of the dynamic core and shell magnetizations (MC1, 
MC2, MS1, MS2) as a function of the temperature. This investigation leads us to characterize the 
nature (continuous or discontinuous) of phase transitions and find the DPT points. 
Furthermore, we study the dynamic total magnetization as a function of the temperature to 
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find the dynamic compensation temperatures and to determine the type of behavior. The 
dynamic shell and core magnetizations and the dynamic total magnetizations 
  t C1 C2 S1 S2M m 6m 6 m m /19     as the time-averaged magnetization over a period of 
the oscillating magnetic field are given as 
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The behaviors of MC1, MC2, MS1, MS2 and Mt as functions of the temperature for several values 
of interaction parameters are obtained by solving Eqs. 11(a) and (b). In order to show the 
calculation of the DPT points and the compensation temperatures, the three explanatory and 
interesting examples are plotted in Figs. 2(a)-(c). In these figures, TC and Tt are the second-
order and first-order phase transition temperatures, respectively. TComp is the compensation 
temperature. Fig. 2(a) shows the behavior of MC1, MC2, MS1, MS2 and Mt as functions of the 
temperature for r 0.5= , 0.6 S=  and H0 = 0.1. MC1, C2 = 0.5 and MS1, S2 = -0.5 are at the 
zero temperature. The dynamic magnetizations MC1, MC2 decrease and MS1, MS2 increase 
continuously with the increasing of the values of temperature below the critical temperature 
and they become zero at TC = 2.95; hence, a second-order phase transition occurs. The 
transition is from the AF phase to the P phase. Moreover, one compensation temperature or 
N-type behavior occurs in the system that exhibits the same behavior classified after the Néel 
theory [36] as the N-type behavior [37]. In Fig. 2(b), MC1, C2, S1, S2 = 0.5 at the zero 
temperature; thus we own the F phase; as the temperature increases, all of them decrease to 
zero continuously and the system undergoes a second-order phase transition from the F phase 
to the P phase at TC = 3.44. In Fig. 2(c), at zero value of temperature, MC1, C2 = 0.5 and MS1, S2 
= 0.0; thus we have the NM phase; as the temperature increases, MC1, C2 of them decrease to 
zero discontinuously and the system undergoes a first-order phase transition from the NM 
phase to the P phase at Tt = 0.31. 
On the other hand, one of the typical dynamic behaviors in such a system is to show a 
compensation point below its transition temperature. We studied dynamic compensation 
behaviors of the cylindrical Ising nanowire system, which we know that a compensation 
temperature can be found in the nanostructure systems [16, 19]. Fig. 3 shows the temperature 
dependencies of the total magnetization Mt for H=0.1 and several values of r, S . As seen 
from Fig. 3 (a), the curve labeled r= -1.0  and 0.5 S=  may show the N-type behavior. 
Moreover, the Q-type behavior is obtained in Fig. 3 (b) for r= -0.5 and 0.5S= . Fig. 3(c) is 
calculated for r= -0.1  and 1.0S= . As we can see this curve illustrates the P-type behavior. 
Fig. 3(d) is calculated for r= 1.0  and 0.75 S=  and illustrates the R-type behavior. For 
r= 1.0  and 0.99 S= , Fig. 3(e) is obtained and exhibit the S-type behavior. These obtained 
results are consistent with same behavior as that classified in the Neél theory [36]. 
 Since we have obtained DPT points and compensation temperatures, we can now 
present the dynamic phase diagrams of the system. The calculated phase diagrams for both 
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antiferromagnetic case and ferromagnetic case in the (T, h) plane is presented in Fig. 4 and in 
Fig. 5, respectively. In these dynamic phase diagrams, the solid, dashed and dash-dot-dot lines 
represent the second-order, first-order phase transitions temperatures and the compensation 
temperatures, respectively. The dynamic tricritical point is denoted by a filled circle. 
Moreover, z, tp, and qp are the dynamic zero temperature, triple and quadruple points, 
respectively, that strongly depend on the values of interaction parameters.  
 Fig. 4 shows the dynamic phase diagrams including the compensation behaviors for 
antiferromagnetic case in (T, h) plane and four main topological different types of phase 
diagrams are seen. From these phase diagrams, the following phenomena have been observed. 
(i) Figs. 4(a)-(c) include the compensation temperatures, but Fig. 4(g) does not. (ii) The 
dynamic phase diagrams contain the F, AF, NM, SF fundamental phases as well as the F + 
AF, AF + P, NM + P mixed phases. (iii) The system exhibits the reentrant behavior, i.e., with 
the temperature increase, the system passes from the P phase to the AF phase, and then back 
to the P phase again in seen Fig. 4(c). It should also mentiononig that several weakly 
frustrated ferromagnets, such as in manganite LaSr2Mn2O7 by electron and x-ray diffraction, 
in the bulk bicrystals of the oxide superconductor BaPb1-xBixO3 and EuxSr1-xS and 
amorphous-Fe1-xMnx, demonstrate the reentrant phenomena [37-40]. (iv) The system shows 
qp, where the four first-order transition lines meet, is shown in Fig. 4(c). tp, at which three 
first-order transition lines meet in seen Figs. 4(c) and 4(d). z, in which is a critical point 
characterized by fluctuations at zero-temperature, is shown Fig. 4(d). 
 Fig. 5 exhibits the dynamic phase diagrams for ferromagnetic case in (T, h) plane and 
three main topological different types of phase diagrams are seen. From these phase diagrams, 
the following phenomena have been observed. (i) These dynamic phase diagrams do not 
contain the compensation temperature. (ii) The phase diagrams show one or two dynamic 
tricritical points. (iii) The system contains the P, F, NM, SF fundamental phases as well as the 
F + P, NM + P mixed phases. (iv) The system shows re-entrant behavior, seen in Fig. 5(b). (v) 
The dynamic phase boundaries among the fundamental phases are mostly second-order phase 
transition lines but between the fundamental and mixed phases are first-order phase transition 
lines. 
 
4. Summary and Conclusion 
 
In this work, we have studied the magnetic properties of a nonequilibrium spin-1/2 cylindrical 
Ising nanowire system with core/shell in an oscillating magnetic field by using a mean-field 
approach based on the Glauber-type stochastic dynamics (DMFT). We employ the Glauber-type 
stochastic dynamics to construct set of the coupled mean-field dynamic equations. First, we 
study the temperature dependence of the dynamic order parameters to characterize the nature of 
the phase transitions and to obtain the dynamic phase transition points. Then, we investigate the 
temperature dependence of the total magnetization to find the dynamic compensation points as 
well as to determine the type of behavior. The phase diagrams in which contain the 
paramagnetic, ferromagnetic, antiferromagnetic, nonmagnetic, surface fundamental phases and 
tree mixed phases as well as reentrant behavior are presented in the reduced magnetic field 
amplitude and reduced temperature plane. The phase diagrams also include one or two dynamic 
tricritical points as well as the tp, qp, z special points. According to values of Hamiltonian 
parameters, the system the compensation temperatures, or the N-, P-, Q-, S-, R-type behaviors in 
the Néel classification nomenclature exist in the system. 
We should also mention that the findings of this study have important for researchers in 
statistical mechanics and condensed matter physics. Because, up to this time, the dynamic 
behaviors of nanostructure (nanoparticle, nanowire, nanotube etc.) were only studied for spin-1/2 
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Ising system by using an effective-field theory based on the Glauber-type stochastic dynamics 
(DEFT). Unfortunately, the dynamic behavior of nanostructure with high spin systems by using 
the DEFT due to difficulties in implementation to high spin systems of the method were not 
investigated. Therefore, we hope that the presented paper may be pioneer for researchers who 
want to examine dynamic behavior of high spin nanostructure. Lastly, we also hope this study 
will contribute to the theoretical and experimental research on the dynamic magnetic properties 
of nanostructure Ising systems as well as to research on magnetism. 
References 
[1] Bouhou, S., Essaoudi, I., Ainane, A., Saber, M., Ahuja, R., Dujardin, F.: Phase diagrams 
of diluted transverse Ising nanowire. J. Magn. Magn. Mater. 336, 75 (2013). 
[2] Jiang, W., Li, X-X., Liu, M.: Surface effects on a multilayer and multisublattice cubic 
nanowire with core/shell. Physica E 53, 29 (2013).  
[3] Liu, L-M., Jiang, W., Wang, Z., Guan, H. Y., Guo, A-B.: Magnetization and phase 
diagram of a cubic nanowire in the presence of the crystal field and the transverse field. J. 
Magn. Magn. Mater. 324, 4034 (2012). 
[5] Kaneyoshi, T.: The possibility of a compensation point induced by a transverse field in 
transverse Ising nanoparticles with a negative core–shell coupling. Solid State Commun. 
152, 883 (2012) 
[6] Jiang, W., Li, X-X., Liu, L-M., Chen, J-N., Zhang, F.: Hysteresis loop of a cubic nanowire 
in the presence of the crystal field and the transverse field. J. Magn. Magn. Mater. 353, 90, 
(2014) 
 
[] 
[7] Berkowitz, A.E., Kodama, R.H., Makhlouf, S.A., Parker, F.T., Spada, F.E., McNiff Jr, 
E.J., Foner, S.: Anomalous properties of magnetic nanoparticles. J. Magn. Magn. Mater. 
196, 591, (1999). 
[8] Kaneyoshi, T.: Phase diagrams of a nanoparticle described by the transverse Ising model. 
Phys. Stat. Sol. (b) 242, 2948 (2005). 
[9] Kaneyoshi, T.: Phase diagrams of a transverse Ising nanowire. J. Magn. Magn. Mater. 
322, 3014 (2010). 
[10] Kaneyoshi, T.: Magnetizations of a transverse Ising nanowire. J. Magn. Magn. Mater. 
322, 3410 (2010). 
 
[11] Kaneyoshi, T.: Some characteristic properties of initial susceptibility in a Ising nanotube. 
J. Magn. Magn. Mater. 323, 1145 (2011); 
[12] Kaneyoshi, T.: The effects of surface dilution on magnetic properties in a transverse 
Ising nanowire. Physica A 391, 3616 (2012). 
[13] Akıncı, Ü.: Effects of the randomly distributed magnetic field on the phase diagrams of 
Ising nanowire I: Discrete distributions. J. Magn. Magn. Mater. 324, 3951 (2012). 
[14] Zaim, A., Kerouad, M., Boughrara, M., Ainane, A., de Miguel, J.J.: . J. Supercond. Novel 
Magn. 25, 2407 (2012). 
[15] Ertaş, M., Kocakaplan, Y.: Dynamic behaviors of the hexagonal Ising nanowire. Phys. 
Lett. A 378, 845 (2014); 
[16] Deviren, B., Ertaş, M., Keskin, M.: Dynamic magnetizations and dynamic phase 
transitions in a transverse cylindrical Ising nanowire. Phys. Scr. 85, 055001 (2012).  
[17] Wang, C., Lu, Z. Z., Yuan, W. X., Kwok, S. Y., Teng, B. H.: Dynamic properties of 
phase diagram in cylindrical ferroelectric nanotubes. Phys. Lett. A 375, 3405 (2011); 
8 
 
[18] Yüksel, Y., Vatansever, E., Polat, H.: Dynamic phase transition properties and hysteretic 
behavior of a ferrimagnetic core-shell nanoparticle in the presence of a time dependent 
magnetic field. J. Phys.: Condens. Matter 24, 436004 (2012). 
[19] Deviren, B., Kantar, E., Keskin, M.: Dynamic phase transitions in a cylindrical Ising 
nanowire under a time-dependent oscillating magnetic field. J. Magn. Magn. Mater 324, 
2163 (2012). 
[20] Kantar, E., Ertaş, M., Keskin, M.: Dynamic phase diagrams of a cylindrical Ising 
nanowire in the presence of a time dependent magnetic field. J. Magn. Magn. Mater. 361, 
61 (2014). 
[21] Ertaş, M., Keskin, M., Deviren, B.: Dynamic phase transitions and dynamic phase 
diagrams in the kinetic spin-5/2 Blume-Capel model in an oscillating external magnetic 
field: Effective-field theory and the Glauber-type stochastic dynamics approach. J. Magn. 
Magn. Mater. 324, 1503 (2012). 
[22] Ertaş, M., Deviren, B., Keskin, M.: Nonequilibrium magnetic properties in a two-
dimensional kinetic mixed Ising system within the effective-field theory and Glauber-type 
stochastic dynamics approach. Phys. Rev. E 86, 051110 (2012). 
[23] Keskin, M., Ertaş, M.: Mixed-spin Ising model in an oscillating magnetic field and 
compensation temperature. J. Stat. Phys. 139, 333 (2010). 
[24] Keskin, M., Ertaş, M., Canko, O.: Dynamic phase transitions and dynamic phase 
diagrams in the kinetic mixed spin-1 and spin-2 Ising system in an oscillating magnetic 
field. Physica Scr. 79, 025501 (2009). 
[25] Vatansever, E., Aktaş, B.O., Yüksel, Y., Polat, H.: Stationary state solutions of a bond 
diluted kinetic Ising model: an effective-field theory analysis. J. Stat. Phys. 147, 1068 
(2012). 
[26] Korkmaz, T., Temizer, Ü.: Dynamic compensation temperature in the mixed spin-1 and 
spin-2 Ising model in an oscillating field on alternate layers of a hexagonal lattice. J. 
Magn. Magn. Mater. 324, 3876 (2012). 
[27] Ertaş, M., Keskin, M.: Dynamic magnetic behavior of the mixed-spin bilayer system in 
an oscillating field within the mean-field theory. Phys. Lett. A 376, 2455 (2012). 
[28] Keskin, M., Temizer, Ü., Canko, O., Kantar, E.: Dynamic phase transition in the kinetic 
Blume-Emery-Griffiths model: Phase diagrams in the temperature and interaction 
parameters planes. Phase Trans. 80, 855 (2007). 
[29] Samoilenko, Z.A., Okunev, V.D., Pushenko, EI, Isaev, V.A., Gierlowski, P., Kolwas, K., 
Lewandowski, S.J. Dynamic phase transition in amorphous YBaCuO films under Ar 
laser irradiation. Inorg Mater. 39, 836 (2012). 
[30] Kleemann, W., Braun, T., Dec, J., Petracic, O.: Dynamic phase transitions in ferroic 
systems with pinned domain walls. Phase Trans. 78, 811 2005. 
[31] Gedik, N., Yang, D.S., Logvenov, G., Bozovic, I., Zewail, A. H.: Nonequilibrium phase 
transitions in cuprates observed by ultrafast electron crystallography. Science 20, 425 
(2007). 
[32] Robb, DT., Xu, Y.H., Hellwing, O., McCord, J., Berger, A., Novotny, M.A., Rikvold, 
PA.: Evidence for a dynamic phase transition in [Co/Pt]3 magnetic multilayers. Phys. 
Rev. B 78, 134422 (2008). 
[33] Kantar, E., Kocakaplan, Y.: Hexagonal type Ising nanowire with core/shell structure: The 
phase diagrams and compensation behaviors. Solid State Commun. 177, 1 (2014). 
[34] Kantar, E, Deviren, B, Keskin, M.: Magnetic properties of mixed Ising nanoparticles 
with core-shell structure. Eur. Phys. J B 86, 6 (2013). 
[35] Tomé, T., de Oliveira, M. J.: Dynamic phase transition in the kinetic Ising model under a 
time-dependent oscillating field. Phys. Rev. A 41, 4251 (1990). 
9 
 
[36] Néel, L.: Magnetic properties of ferrites: Ferrimagnetism and antiferromagnetism. Ann. 
Phys. 3, 137 (1948). 
[37] Chikazumi, S.: Physics of Ferromagnetism, Oxford University Press, Oxford, (1997). 
[38] Li, J.Q., Matsui, Y., Kimura, T., Tokura, Y.: Structural properties and charge-ordering 
transition in LaSr2Mn2O7. Phys. Rev. B 57, R3205 (1998). 
[39] Sata, T., Yamaguchi, T., Matsusaki, K.:  Interaction between anionic polyelectrolytes and 
anion exchange membranes and change in membrane properties. J. Membr. Sci. 100, 229 
(1995). 
[40] Binder, K., Young, A.P.: Spin glasses: Experimental facts, theoretical concepts, and open 
questions. Rev. Modern Phys. 58, 801 (1986). 
 
List of the figure captions 
Fig. 1. (color online) Schematic representations of a cylindrical nanowire: (a) cross-section and 
(b) three-dimensional. The gray and blue circles indicate spin-1/2 Ising particles at the surface 
shell and core, respectively. (For interpretation of the references to color in this figure legend, the 
reader is referred to the web version of this article). 
Fig. 2. (color online) The temperature dependence of the dynamic core and shell 
magnetizations and total magnetizations. TC and Tt are the second-order and first-order phase 
transition temperatures, respectively. Tcomp is the compensation temperature. Dash-dot-dot 
lines represent the compensation temperatures, 
 
(a) Exhibiting a second-order phase transition from the AF phase to P phase at TC = 
2.95 for r 0.5= , 0.6 S=  and H0 = 0.1. The system shows the N-type 
compensation behavior. 
(b) Exhibiting a second-order phase transition from the F phase to P phase at TC = 
3.44 for r 1.0= , 0.0S=  and H0 = 0.1. 
(c) Exhibiting a first-order phase transition from the NM phase to P phase at Tt = 0.31 
for r 0.5= , 0.6 S=  and H0 = 2.88. 
 
Fig. 3. The dynamic total magnetization as a function of the temperature for different values 
of interaction parameters. The system exhibits the N-, Q-, P-, R-, S- type behaviors of 
compensation behaviors. (a) r= -1.0  and 0.5 S= ; (b) r= -0.5 and 0.5S= ; (c) r= -0.1  
and 1.0S= ; (d) r= 1.0  and 0.75 S= ; (e) r= 1.0  and 0.99 S= . 
 
Fig. 4. The dynamic phase diagrams for antiferroagnetic case. Dashed and solid lines are the 
dynamic first- and second-order phase boundaries, respectively. The dash-dot-dot line 
illustrates the compensation temperatures. The dynamic tricritical points are indicated with 
filled circles. (a) r 0.5=  and 0.6 S= ; (b) r 1.0=  and 0.0S= ; (c) r 0.05=  and 
0.0S= ; (d) r 0.2=  and 5.0 S= . 
 
Fig. 5. Same as Fig 4, but (a) r 0.2=  and 5.0 S= ; (b) r 1.0=  and 3.0S= ; (c) r 1.0=  and 
0.0S= . 
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